Introduction In this prospective study the purpose was to evaluate patients with lumbar-disc herniation regarding changes in back-muscle fatigue and subjective health measurements 2 years after surgery. Methods Endurance time, EMG median frequency and ratings of lumbar-muscle fatigue and pain were measured before surgery, 4 weeks after and 2 years after surgery in 26 patients (19 men and 7 women) with lumbar-disc herniation. A modified Sørensen test was performed with concurrent recordings of electromyography from the lumbar muscles at four recording sites. The questionnaires Oswestry disability index, Roland-Morris disability questionnaire, Self-efficacy scale, SF-36, Back beliefs questionnaire, Odom and a 6-grade physical activity scale were used. Results Two years after surgery the patients had longer endurance times (increase from 178 s to 231 s, p \ 0.001), a non-significant tendency for flatter L5 slopes (decrease from -0.20 to -0.16 Hz/s, p \ 0.066), higher initial median frequency (L1 increase from 58 to 64 Hz p \ 0.001, L5 increase from 76 to 84 Hz p = 0.001) and improved questionnaire scores. The questionnaires Oswestry, RolandMorris and SF-36 physical functioning correlated with the endurance time 0.69-0.93 and with L5 slope 0.01-0.93 and the highest correlations were found in women.
Introduction
Patients with lumbar disc herniation and sciatica are treated either conservatively with rehabilitation programmes and medication or with surgery if their symptoms persist [19, 34] . The outcome of surgery is reportedly good at short-term follow-up but at long-term follow-up the effect approaches that of conservative treatment and some patients who have undergone surgery report persistent or recurrent pain and activity limitations [2, 29, 35] . Today, directions for rehabilitation-if any rehabilitation at all is recommended after surgery-vary. Intensive exercise programs post-surgery increase functional status and return-to-work in the shortterm, but not at long-term follow-up, compared with mild exercise programmes, and there is no strong evidence that supervised training is more effective than home exercise programs [28] . For directing effective physiotherapy and training, it is therefore important to increase knowledge of impairments, activity limitations and participation restrictions that persist after surgery. Since pain perception influences the development of activity limitations and participation restrictions in patients with acute low-back pain [32] and psychosocial factors are important for the occurrence and development of low-back pain [18] , it is also important to investigate associations between impairments and activities collected through self-report questionnaires.
For patients with low-back pain it is valuable to assess muscle fatigue because this and limited back-muscle endurance may be factors associated with such pain [1, 11] . Electromyographic (EMG) spectral parameters and endurance tests for back muscles have long been used to estimate low-back muscle fatigue and to evaluate interventions [6, 9] . When muscles become fatigued, the median frequency of the EMG power spectrum declines due to altered muscle-fibre recruitment or other physiological changes in the muscle [6] . The most common EMG variable for assessing muscle fatigue is the median frequency slope. This is a linear regression of the median frequency decline over time during an isometric muscle contraction [7] . In a study from our group, patients operated on for lumbar-disc herniation showed a post-operatively significant improvement 4 weeks after surgery in lumbar-muscle fatigue, expressed as a flatter L5 median frequency slope for the participating men. No significant improvement was found for endurance times or for the patients' subjective ratings of fatigue [9] . In the same study, the L5 slope (fatigue) and endurance time showed moderate-to-high correlation coefficients in relation to activity limitations. Increased muscle fatigue related to selfrated activity limitations and participation restrictions in lumbar disc herniation needs further investigation because findings are not consistent. For example, in patients with non-specific back pain, correlation coefficients between EMG variables and activity limitations are low [11, 16, 25] .
The present study build upon our previously published study [9] by complementing with prospective analysis 2 years after surgery. The purpose was to explore outcome regarding possible changes in endurance time, EMG median frequency parameters and Borg ratings of backmuscle fatigue and back pain. Additionally, associations between subjective health measurements and endurance time and EMG fatigue were investigated.
Methods

Subjects
Forty-three patients (27 men and 16 women) with lumbardisc herniation who fulfilled standard clinical criteria for microdiscectomy participated consecutively in this prospective study (Table 1) . The patients underwent surgery in the spring of 2000 or in the autumn of 2001 by one of four spinal surgeons, skilled at microdiscectomy. Inclusion criteria were a disc herniation at spinal levels L4-L5 (n = 16) or L5-S1 (n = 27) diagnosed with magnetic resonance imaging (MRI), clinical findings in accordance with the radiological findings, ability to read and write Swedish and age below 65 years. Patients with previous back surgery, multiple disc herniations, spinal stenosis, spondylolysis, spondylolistheses or other spinal deficits were excluded. Informed consent was obtained from each patient and the study was approved by the Regional Ethics Committee.
The results of the tests before surgery compared with that 4 weeks after surgery have been published earlier [9] . The current study reports, additionally, on a 2-year followup compared with the pre-surgery and 4 weeks-post-surgery results. Because of the dropouts the patients followed in the earlier 4 week study were not the same as those in the present study. The patients who attended on all three occasions were re-analysed.
Dropouts
Because of the dropout rates two subgroups of the 43 patients were analysed. One subgroup consisted of 36 patients who answered all the questionnaires on all three occasions and the other of 26 patients who answered the questionnaires and performed the endurance test on all three occasions (Fig. 1) . There was no significant difference between the subgroups and the original group before surgery in any of the variables measured before surgery. Four weeks after surgery those 26 patients who answered the questionnaires and performed the endurance test on all three occasions scored significantly better on the Roland-Morris (RM) questionnaire, the selfefficacy scale (SES) and the SF-36-items physical function (PF), vitality (VT), (role emotional) RE and mental health (MH) than did those who missed the endurance test at 2-year follow-up. A relatively higher proportion of women (56%) than men (44%) did not undergo the endurance test after surgery. Five patients left the study before the 2-year followup: one did not want to participate any longer, two lacked time, one had severe co-morbidity and one had moved.
Endurance test
The test protocol has previously been described in detail [9] . A modified Sørensen test, an isometric, trunk-holding test, was performed. The patients lay prone with the lower extremities secured with belts to a bench at a pre-set hip angle of 408 and the arms were held crossed at the chest. The patients were instructed to hold the unsupported trunk horizontal to exhaustion. The test ended when the trunk changed vertical position more than two centimetres as indicated by a light-activated sensor (Ulf Lindahl Engineering, Stockholm, Sweden).
EMG
During the endurance test, surface EMG was recorded bilaterally from the erector spinae muscles at spinal levels L1 and L5. The skin was cleaned with alcohol and four pairs of surface electrodes (Blue Sensor N-00-S, Medicotest A/S, Denmark) were placed at centre distances of 20 mm along the muscle. A ground electrode was placed over the left lateral malleolus (Blue Sensor VL-00-S, Medicotest A/S, Denmark). The raw EMG signals were recorded at a sampling rate of 1,000 Hz, band-pass filtered (10-800 Hz), analogue-to-digital converted and stored in a computer. To avoid aliasing of high-frequency noise, the bandwidth of input electronics should not exceed half the sampling rate, i.e. 500 Hz. Therefore, the aliasing effects were carefully checked against. The signal power for frequencies over 200 Hz was found negligible compared with the measured EMG signal and would therefore not affect the results. Fast fourier transform (FFT) analysis was performed every second (Myoresearch 97, Noraxon, USA). To be able to reproduce the EMG electrode placements on the follow-up occasions an individual template of transparent plastic was made on the first occasion marking the electrode placements.
Borg scale
During the endurance test, the patients rated fatigue in the lower back every 15 s, and pain in the back and legs every 30 s, on a Borg CR-10 scale (range 0-10) [3] . The patients were instructed to look at the written expressions on the scale and then choose the corresponding number. They were also allowed to exceed ten [4] . Only the test ratings after one minute were used for analysis because they have shown good reliability.
Questionnaires
Subjective health measurements were assessed with questionnaires. On all occasions the patients filled in five questionnaires: (1) the Oswestry disability index (ODI) [30] , (2) the Roland-Morris disability questionnaire (RM) [30] , (3) the Self-efficacy scale (SES) [12] , (4) the SF-36 [31] and (5) physical activity (a six-grade scale) [15] . Two years after surgery, the back beliefs questionnaire was added (BBQ) [5] (Swedish version) [10] . For the RM the ''yes'' answers were counted (range 0-24). For the ODI and the SES a total score of questionnaire items was calculated and related to the maximum possible score. For the BBQ a sum score of items 1, 2, 3, 6, 8, 10, 12, 13 and 14 was calculated (range 9-45). High scores on the RM and ODI reflect limited activity. A higher score on the SES reflects higher self-efficacy and higher scores on the BBQ reflect a more positive attitude towards management of back problems. A dichotomous assessment of ''good outcome/not good outcome'' was defined as a reduction of ODI scores by ten or a reduction of RM scores by four [24] . To assess the global outcome of surgery the patients rated the grade of success of the operation on a four-category scale (Odom I-IV): (I) excellent outcome, all preoperative symptoms relieved and no limitations in activity, (II) good outcome, sporadic symptoms that do not limit daily activities, (III) fair outcome, moderate symptom improvement with persistent physical limitations and (IV) poor outcome, symptoms unchanged or exacerbated [27] . (f e mean of the last 5 s) and median frequency slope (median frequency slope normalized to initial median frequency). A mean of the left and right sides was used since this increases reliability [20] . Improvement in endurance time was also calculated (subtraction of endurance time 2 years after surgery from endurance time before surgery).
Statistics
For statistical analysis, the SPSS computer software was used, with a significance level of 5%. An ANOVA with repeated-measures and men and women as between-subject factor was used for analyses between the three test occasions, for endurance time, EMG variables and the questionnaire sum score. A Bonferroni post hoc test was then applied. Friedman ANOVA and a Wilcoxon test as post hoc test were used for the Borg ratings, the physical activity scores and the separate items of the SF-36 questionnaire. The p values of the post hoc tests were adjusted for multiple comparisons. Spearman's correlation coefficient was used to correlate endurance time and EMG median frequency slope with the questionnaire scores. The number of subjects in the original study was chosen for 80% statistical power to detect differences between before and after surgery. At 2-year follow-up the statistical power was reduced because only 84% of the patients had answered questionnaires on all three occasions and only 60% had undergone the endurance test on all three occasions. Analyses of the observed power of the ANOVA on the three occasions were, therefore, performed.
Results
General outcome 2 years after surgery
None of the 43 patients had had a re-operation. Of the 36 patients who answered questionnaires on all occasions, 12 graded the success of the operation as Odom I, 16 graded Odom II, 5 graded Odom III and 3graded Odom IV. A positive outcome defined as an improvement of more than four points on the RM was found in 29 patients and on the ODI an improvement of more than ten points was found in 21 patients. The success of the operation (Odom) correlated significantly with an improvement in the RM (r = 0.42*), improvement in the ODI (r = 0.49**) and improvement in endurance time (r = 0.52**), but not with the BBQ scores recorded at follow-up (r = 0.25).
Endurance time and muscle fatigue
The endurance time had increased significantly at the 2-year follow-up compared with both before surgery and 4 weeks after. The women had significantly shorter endurance times than the men on all occasions. No interaction effects between surgery and gender were seen. The ANOVA showed significant differences in the L5 slopes amongst all three occasions. In the post hoc analysis the differences between each occasion were not significant. Because of these contradictory results between the ANOVA and the post hoc test for the L5 slope, observed power and partial g 2 were also analyzed. The observed power of the within-subject effects for occasions was 75%. Partial g 2 was 0.168, meaning that 17% of the variance could be explained by the difference between the occasions. The initial median frequency measured at both L1 and L5 was significantly lower 4 weeks after surgery but at the 2-year follow-up the L1 initial median frequency was significantly higher than before surgery, with the L5 level showing a similar, but non-significant trend ( Table 2) .
The current results were related to values of minimal detectable change [33] . The minimal detectable change in initial median frequency for L1 was 15 Hz and for L5, 30 Hz. For endurance time it was 94 s and for the slope 0.20 [8] . Of the present 26 patients at the 2-year follow-up, ten had improved endurance time by more than 94 s from before surgery. Four had increased by 15 Hz or more at L1 level and only two had increased by 30 Hz or more at L5 level before surgery compared with that 2 years after. None had a slope which changed by 0.20.
Borg ratings
The Borg ratings of leg pain at one minute decreased significantly 4 weeks after surgery and the decrease persisted 2 years after surgery compared to before surgery (Table 3) .
Questionnaires
Questionnaire scores improved significantly both at 4 weeks and at 2 years after surgery compared with those before. For the RM, ODI and SES, men scored significantly better function than women on all occasions but there were no interaction effects between surgery and gender, i.e. the men and women improved to a similar extent (Table 4 ). All items of the SF-36 except ''general health'' had improved significantly at the 2-year follow-up compared with those before surgery. Compared with the 4-week follow-up the items PF, RP and BP had improved significantly 2 years after surgery (Table 5) . At the 2-year follow-up, patients with longer endurance times rated better scores on the questionnaires as indicated by both moderate-to-high and significant correlation coefficients. Women with flatter L5 slopes rated better scores on the questionnaires. (13) 71 (11) 90 (20) Women 57 (9.7)
57 (11) 69 ( For the L1 and L5 slopes one woman was excluded due to too extreme values (n = 25) Their endurance times and L5 slopes showed high correlation, i.e. the longer the endurance time the flatter the slope (Table 6) (Fig. 2) .
Discussion
The patients rated better scores on the questionnaires 2 years after surgery and had increased their endurance times and initial median frequency. There was a non-significant trend for a flatter L5 median frequency slope 2 years postoperatively. There was low-moderate-to-high correlation of questionnaire scores with endurance time in all patients, but moderate-to-high correlation with L5 slope was seen only in women.
One limitation of the present study was the dropout rate. The dropouts, relatively more women than men, might have missed the endurance test because of their poor outcome after surgery. Also, the women had more disability both before and after surgery, a relation also found in earlier studies [9, 17] .
The low number of subjects affected the statistical power and increased the risk of type II errors. The results could only be interpreted for the present patients. In our previous four-week follow-up with a larger sample, a significantly flatter median frequency slope after surgery was seen only in men [9] . In the present study with fewer subjects due to dropouts among the more disabled patients at 4 weeks, the L5 median frequency slope was not significantly changed. However, the p values were close to significant for both the L1 and the L5 slopes, and with more subjects significantly flatter slopes might have been found at the L5 level. The were opposite trends of the L1 and L5 slopes, i.e. the slope became steeper at the L1 level and flatter at the L5 level both at 2 weeks and at 2-year follow-up compared with that before surgery. Healthy subjects evaluated following the same protocol as the present one had flatter slopes than patients with lumbardisc herniation at four-week follow-up [9] . Compared with the current 2-year follow-up the patients had flatter L5 slopes than the healthy subjects.
The low reliability of the median frequency slope is important in relation to outcome. The slope is variable and for a single patient a relatively large improvement is needed to state clinical importance, i.e. a minimal detectable change [33] . An earlier study [8] found the ICC to be between 0.19 and 0.48 and the minimal detectable change for the L5 slope to be over 0.20. None of our patients had a slope which changed by 0.20. Other reliability studies of EMG median frequency in patients with nonspecific lowback pain also report poor reliability of the median frequency slope but good reliability of the initial median frequency [11, 21] . In the current study the initial median frequency was calculated as a mean of the first 5 s [8, 9] and not the intercept of the slope as used in previous studies [11, 21] . This might be a possible limitation of the current study and result in differences when comparing our findings with those previously reported in the literature. The reduction in L5 initial median frequency at the fourweek follow-up might be due to local denervation and muscle alteration, reflecting an effect of muscle traumatization at L5 level by the surgical incision [14] . The relatively higher initial median frequencies at 2-year follow-up than at four-week follow-up and before surgery might be explained by recovery not only from surgery but also from the low-back pain. Denervation and muscle alteration may be involved in the pathology of low-back pain [22, 36] which for the present patients could be reflected in low initial median frequencies before surgery compared with those of healthy subjects from an earlier study [9] . Initial median frequency is influenced by force output because larger and faster motor units are recruited at higher forces. In the back muscles, the initial median frequency will decrease with forces exceeding 40% of maximum voluntary contraction but increase with lower forces [23] . Our patients' higher initial median frequency might therefore also reflect regained back-muscle strength resulting in a relatively lower trunk load 2 years after surgery. This is supported by our findings that the present patients' physical activity levels were significantly higher after surgery than before.
Patients' own rating of fatigue is necessary to supplement the concept of fatigue, which has been attributed to both physical and mental causes [13] . Ratings obtained during an endurance test add clinically valuable information about the patient's experience of fatigue and pain and the reason for ending the test. The present ratings of fatigue at one minute did not change after surgery, but the endurance time increased significantly. The interpretation could be that the patients were fatigued in the muscles to the same extent as before surgery. The median frequency slopes were close-to-significantly flatter i.e. indicating less fatigue, but that could not explain the longer endurance time. Instead, the reduced leg pain, better health status and/or the patients' increased motivation to continue and drive themselves to exhaustion after surgery might have prolonged their endurance time. Endurance time is influenced by psychological factors and the patient's motivation. Its role as a ''physiological measure'' may therefore be questioned [26] . This is supported by our findings of correlation between endurance time and questionnaire scores. That the L5 slopes correlated poorly with the men's questionnaire scores could be because the L5 slope adds a more objective aspect of fatigue. Therefore EMG seems to be an important objective measurement to supplement the more subjective measures of endurance time and questionnaires after lumbar-disc surgery in men. The women's relatively lower health status before surgery might have resulted in an altered recovery with persistent muscle fatigue and low activity compared with men. The high correlation in women might also be because of their wider range of values of the endurance time and the L5 slope compared with the men, which theoretically gives higher correlation.
Conclusions
The patients rated better scores on the questionnaires 2 years after surgery than before and had increased their endurance times and initial MF. Median frequency slopes were close-to-significantly flatter. There was a moderateto-high correlation between endurance time and subjective health measurements 2 years after lumbar-disc surgery in both genders. Because endurance time, but not median frequency slope, correlated with subjective health measurements in both genders, EMG results would add an aspect not found with only the modified Sørensen test. Hence, both EMG and endurance time measurement are needed for evaluating fatigue in lumbar-disc herniation.
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